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Abstract : Cost reduction of public works projects has been desired due to severe financial circum-
stances. Therefore, asphalt pavement has been requested to extend its life. Semi-flexible pavement or 
epoxy asphalt pavement, which has high rutting resistance and oil resistance, may be applied to the 
place where these performances are demanded. However, special technique is required in manufactur-
ing and construction. In addition, these materials have also raised a problem that they cannot be recy-
cled. Meanwhile, conventional asphalt pavement has several drawbacks. It is vulnerable to rutting 
caused by traffic load and damage caused by petroleum oils such as gasoline or motor oil. The materials 
used in asphalt mixtures were studied for improving the durability of asphalt mixture. A high stability 
asphalt concrete was developed which has equal or superior performance to semi-flexible pavement and 
epoxy asphalt pavement. In this paper, the process of selecting the substance and the characteristics 
evaluation of the developed mixtures are described. Furthermore, an inspection result as well as follow-
up survey of the performance of the developed mixtures obtained from trial and actual construction is 
shown. 
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1 Introduction 
Asphalt concrete mixture is widely used for paving 
roads and highway surfaces because it is easy to con-
struct and repair. Long-life asphalt pavement is in 
high demand as a part of reducing expenses for public 
works and maintenance costs. Conventioual asphalt 
• Corresponding author: Toshiaki. Hirato, Senior Engineer. 
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concrete pavement has several drawbacks. It was vul-
nerable to rutting caused by traffic load and damage 
caused by petroleum oils such as gasoline, light oil 
and motor oil ( Minegishi 2003 ; Technical Investiga-
tion Center 2004 ) . Semi-flexible pavement or epoxy 
asphalt pavement was used in some sections where 
high durability was especially important, but this type 
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of asphalt was complicated to produce and construct, 
and the waste from pavement repair was difficult to 
recycle ( Okude 1995; Sundhl and Hede 2002; Ichio-
ka et al. 2003; Van de Ven and Moleneaar 2004; 
Widyatmoko et al. 2006) . 
The materials of asphalt concrete pavement were in-
vestigated aiming to improve the drawbacks and a 
high stability hot asphalt concrete mixture ( high sta-
bility asphalt concrete) was developed , which used a 
hybrid binder consisting of polymer modified asphalt 
and a special additive. The hybrid binder is thermo-
plastic and thus ordinary production and application 
methods can be used for the high stability asphalt con-
crete. It has high oil and flow resistance as well as 
water and abrasion resistance comparable to semi-flex-
ible pavement and epoxy asphalt pavement. 
This paper gives an overview of the high stability 
asphalt concrete and its development, and describes 
the results of an on-road follow-up survey and investi-
gation on further improvement of stability. 
2 Determining binder materials and 
blending ratio 
2.1 Selecting materials for binder 
In order to improve the oil resistance of the asphalt 
concrete mixture , it was tested with the addition of 
various resins expected to improve the rutting resist-
ance. Polymer modified asphalt having improved 
compatibility with the special additive was used as the 
base of the binder. It was decided that the mixture 
would be stone mastic asphalt ( SMA) ( 13 ) , which 
produces a rough surface with few voids to achieve 
high oil resistance. The amount of binder was the opti-
mnm value calculated by mix design. The mixture was 
mixed and compacted at ( 175 ±5) 't and ( 160 ±5) 't, 
respectively. 
Figure 1 shows the flow of selecting resins. First, 
the resins were investigated for appropriate melt vis-
cosity (less than 1000 mPa • s at 180 't) and soften-
ing point ( above 60 't and below 140 't ) in consid-
eration of the manufacture and construction. Then, 
specimens were prepared in the laboratory to check 
the workability and test for oil resistance. Finally, 
wheel tracking and other performance tests were con-
ducted to select the resin to be used as the special ad-
ditive for the binder. 
The amount of additive to be added to the binder 
was investigated by conducting wheel tracking tests on 
specimens containing different amounts of the addi-
tive. The resultant dynamic stability was found to cor-
respond to the amount of admixture, as predicted. It 
was decided that a mix ratio of 20% with the meas-
urement limit of 63000 wheel passes/ mm would be 
used. Use of straight asphalt 60/80 instead of the 
modified asphalt was also tested, but the resultant dy-
namic stability was only about 2000 wheel passes/ mm, 
suggesting that the additive and the polymer modified 
asphalt show synergistic effects. 
Possibility of improving oil 
resistance 
Mixing performance and 
workability 
Indoor tests 
Oil resistance assessment 
Residual strength: at least 75% 
Rutting resistance assessment 
Dynamic stability: above 
21000 passes/mm 
Fig. 1 Flow of selecting oil-resistant resins 
2.2 Material compostion and characteristics of 
hybrid binder 
The modified asphalt used in the hybrid binder is pol-
ymer modified asphalt having improved compatibility 
with the selected additive. The characteristics of the 
additive are described below and the properties are 
shown in Tab. 1. Fig. 2 is a microscopic photograph 
of the hybrid binder. The additive does not dissolve 
in bitumen and is thus observed as small spheres dis-
persed in the binder. 
Thermo plasticity : it melts at around the mixing 
and compaction temperature and thus does not impede 
workability. 
Oil resistance: it makes the mixture high oil resist-
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ant because it does not melt in petroleum oils. 
Rutting resistance: it hardens at service tempera-
tures and makes the mixture high rutting resistant. 
Water resistance: it is strong against water, high-
ly adhesive and thus makes the mixture high water 
resistant. 
Flexibility : it is flexible and does not affect the 
flexibility of the mixture. 
Tab. 1 Properties of oil-resistant resin 
Item Property 
Melting point ( 't ) 110 
Melt viscosity at 180 't ( mPa • s) 210 
Specific gravity ( gl cm3 ) 0.97 
Shape Flaky 
Color Light yellow 
Fig. 2 Microscopic photograph of hybrid binder 
2.3 Production process 
The high stability asphalt concrete is produced at hot 
mix asphalt plants by adding the additive to the mix-
er. The additive melts through heat exchange with the 
aggregates and mixes with the modified asphalt, 
forming a hybrid binder with synergistic effects. The 
production process of epoxy asphalt is similar but in-
volves the reactions of two liquids ( Suzuki et al. 
1995; Lu et al. 2007). On the other hand, the high 
stability asphalt concrete requires one additive and 
manifests its thermoplastic performance by hardening 
at low temperatures. Since it melts by heat, it can be 
recycled like ordinary asphalt concrete mixtures. 
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3 Performance of high stability asphalt 
concrete 
3.1 Performance as:leSSTlent in laboratory 
The performance of the high stability asphalt concrete 
was compared with that of conventional mixtures. 
The gradation of mixtures other than semi-flexible as-
phalt was SMA. The amount of binder was the opti-
mum value calculated by mix design. 
The base mixture of semi-flexible asphalt was an 
open-graded mixture ( 13) with a void ratio of 25% 
and used the polymer modified asphalt (PMA) Type II 
of 4. 8% (Japan Modified Asphalt Association 2010) . 
3.1.1 Oil res$ance 
Marshall specimens were immersed in 20 't kerosene 
for 48 h and then subjected to the ordinary Marshall 
test to assess the residual strength. 
Figure 3 plots the oil-immersed Marshall residual 
strength ratio. The high stability asphalt concrete , 
semi-flexible asphalt and epoxy-asphalt showed residu-
al strength ratio exceeding 80% and thus high oil re-
sistance. 
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Fig. 3 Results of oil-immersion Marshall test 
3.1.2 Rutting res$ance 
The rutting resistance was assessed and compared by 
conducting wheel tracking tests. As shown in Fig. 4, 
the dynamic stability of the high stability asphalt con-
crete was as high as that of the semi-flexible asphalt. 
The dynamic stability of the high stability asphalt con-
crete, semi-flexible asphalt and epoxy-resin asphalt 
reached the measurement limit ( 0. 01 mm) and thus 
cannot be correctly evaluated, but it can be concluded 
that the high stability asphalt concrete had high rutting 
resistance( Japan Road Association 2010). 
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Fig. 4 Results of wheel tracking test 
3.1.3 Other performances 
Table 2 shows the results of simple bending, water-
immersed wheel tracking and raveling tests that relate 
to flexibility, water resistance and abrasion resist-
ance. The high stability asphalt concrete demonstrated 
high flexibility, water resistance and abrasion resist-
ance comparable to that of PMA Type II. 
3 .2 Cau9:ls of effects 
Cores of 50 mm in diameter and 50 mm in thickness 
were sampled, placed in cylindrical filter paper, and 
subjected to asphalt bitumen extraction using a 
Soxhlet extractor. 
As shown in Fig. 5 , PMA Type II did not retain its 
shape, but the high stability asphalt concrete did. The 
additive has a functional group at one end of each 
molecule that easily binds with the silica ( Si02 ) on 
the surface of aggregates. The flexible additive likely 
adhered to the surface of aggregates and joined them. 
The shape was retained because the additive was in-
soluble in the solvent used. In the actual asphalt con-
crete mixture, which also contains the modified as-
phalt binder, the aggregates are fixed even more firm-
ly resulting in high stability pavement. 
Tab. 2 Other performances of mixtures 
Type II Epoxy High stability 
Performance Test Item measured Semi-flexible Requirement 
SMA (13) SMA (13) SMA (13) 
Strength at fracture ( MPa) 9.8 11.0 11. 3 8.2 
Flexibility Simple bending 
Strain at fracture ( 10- 3 ) 4.2 4.2 5.5 5. 1 
Marshall Residual stability ratio ( % ) 75 . 50 8. 37 92.60 88.00 Min 75b 
Water resistance 
Wheel tracking Stripped area ratio ( % ) 2.3 0. 0 0.0 0.0 Max 5c 
Abrasion resistance Raveling• Abrasion loss ( cm2 ) 0.5 0 . 3 0.3 0.3 Min 0. 7d 
4 
Note: •Test condition: side chain, test temperature: - tO 't; b Japan Road Association 2006; cshirneno 2010; dNippon Expressway Research Insti-
tute Company Limited 2012 . 
Fig. 5 Specimens before and after Soxhlet extraction 
Verification of performance by test 
construction 
Test construction has been performed at the Technolo-
gy Research Institute of Toa Road Corporation and on 
a roadway in service to verify the performance of the 
high stability asphalt concrete. This section describes 
the test construction and evaluation results. 
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4.1 Verification of wo~bility 
Test construction was performed to verify the work-
ability. Tab. 3 shows an overview of the test construc-
tion. 
The pavement was visually inspected to assess the 
workability. Hair cracks were observed on the surface 
of dense-graded mixture ( 13), and some remained 
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after roll compaction with a pneumatic tire roller. On 
the other hand, SMA ( 13 ) showed no hairline 
cracks. The dense-graded mixture ( 13 ) was prepared 
so as to achieve the median of the grading range and 
contained a larger amount of fine-particle components 
compared to SMA ( 13). Since the additive used in 
the highly stable asphalt concrete is not viscous, a 
small fine-particle content was likely appropriate. 
Tab. 3 Overview of test construction 
Item Content 
Site 
Conditions 
Control 
Section 1 
Section 2 
Machinery 
Technology Research Institute of Toa Road Corporation 
December 2008, sunny, air temperature: 12 't 
PMA Type II 
Dense-graded ( 13) 
Highly stability asphalt concrete 
Dense-graded ( 13) 
Highly stability asphalt concrete 
Rough surface SMA ( 13) 
Spreading : asphalt finisher ( class : 6 m) 
Initial rolling: three-wheel roller 
Second rolling : pneumatic tire roller 
Cores sampled from completed pavement showed 
compaction of about 99% in all road sections. At an-
other test construction site , it was also confirmed that 
there were no problems with constructing the high sta-
bility asphalt concrete for mixtures of gradation coar-
ser than the median gradation of dense-graded, such 
as dense gap-graded, coarse-graded and lower grada-
tion in the dense-graded range. 
4.2 Verification of oil resistance 
The oil resistance of the pavement was examined. 
The verification test involved spreading a sheet of 
non-woven fabric on the constructed pavement, spra-
ying 200 g of kerosene , restraining the sheet with a 
steel plate and placing a tray upside-down to delay va-
porization. After curing for seven days, a wheel of a 
forklift ( vehicle weight : 3. 4 t ) was steered at the 
point without driving for 20 reciprocating motions. 
Figs. 6 and 7 show the pavement after the test in the 
control section and Section 2. In the control section , 
damage to the pavement included scattering of aggre-
gates on the surface. On the other hand, no aggregate 
was scattered on the high stability asphalt concrete , 
Optimum binder content 5. 1% 
Optimum binder content 5. 6% 
Optimum binder content 6. 5% 
Area: 15 m (length) x 
3m (width)= 45m2 
Area: same as above 
Area: same as above 
Fig. 6 Pavement after test in control section 
Fig. 7 Pavement after test in Section 2 
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showing its high oil resistance. 
4.3 On-road teS: conS:ruction and follow-up s..nvey 
High stability asphalt concrete was applied on a road-
way of ultra-heavy traffic volume before an intersec-
tion where the existing pavement had suffered severe 
rutting. 
4.3.1 Overview of consruction 
An overview of the construction is shown in Tab. 4. 
The construction involved replacing the asphalt con-
crete to a depth of 25 em. The top 10 em was re-
placed with the high stability asphalt concrete. The 
existing asphalt concrete was cut and removed to a depth 
of 25 em, and coarse-graded modified asphalt Type II 
was placed to a depth of 15 em (two layers of 7. 5 em) 
and was overlay by 5 em of coarse-graded high stability 
asphalt concrete and a 5 em deep surface course of SMA 
graded high stability asphalt concrete. 
Tab. 4 Overview of on-road test constroction 
Item Content 
Site Tokyo Daishi Yokohama Line (industrial road), outbound 60 m section before Haneda 2-chome intersection 
Design traffic Heavy vehicles : 17 487 per 24 h 
Conditions March 2009 , sunny, air temperature: below 10 't ( night time) 
Scale Area : 860 m2 , lanes: traffic lane + passing lane + right tum lane, length : 116 m 
Mixture 
Surface course ( 5 em) : high stability asphalt concrete, rough surface SMA ( 13) 
Binder course ( 5 em) : high stability asphalt concrete, coarse-graded ( 20) 
Construction machinery 
Spreading: asphalt finisher (class: 6 m) 
Initial rolling: three-wheel roller 12 t 
Second rolling : pneumatic tire roller 15 t 
4.3.2 Rerults of follow-up rurvey 
The depth of rutting was measured at 6 points ( 10 m 
intervals) on a 60 m section from the stop line. Fig. 8 
shows the progress of rutting determined by averaging 
the values at the six points. At 18 months after con-
struction , the mean rutting depth was 4 mm despite 
the fact that the pavement had been in service for two 
summer seasons including the 2010 summer of intense 
heat, showing rutting of only 2 mm per summer and 
the high rutting resistance of the high stability asphalt 
concrete. No cracks were observed. 
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Fig. 8 Changes in mean rutting depth 
5 Investigation on further improvement 
of stability 
The high stability asphalt concrete was used over an 
area of about 80000 m2 within two and a half years af-
ter its development. It has been used in heavy-traffic 
roadways, airports, parking areas and bus-stop lanes. 
The pavement in service has generally performed 
well, but has been slightly inferior to semi-flexible as-
phalt in terms of rutting resistance. Therefore, further 
improvement of rutting resistance was investigated. 
The rutting resistance of the pavement exceeded the 
measurement limit of an ordinary wheel tracking test. 
To quantify the domain that cannot be measured by an 
ordinary wheel tracking test, the rutting resistance of 
the pavement was assessed by modifying wheel track-
ing test as shown in Tab. 5. Fig. 9 is a view of the 
modifying wheel tracking test. 
The load was increased from 686 N to 1716 N, 
which was sufficient to damage semi-flexible pave-
ment. The solid tire was changed to a steel wheel. 
Instead of dynamic stability in which data spread was 
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large and did not clearly show the tendency, ultimate 
deformation ( D60) was used as the evaluation index. 
The evaluated mixture was dense gap-graded high sta-
bility asphalt concrete. 
Tab. 5 Conditions of modified wheel tracking test 
Item 
Testing temperature ( 't: ) 
Tire 
Load (N) 
Contact pressure 
Test period (in) 
Ordinary wheel Modified wheel 
tracking test• 
60 
Solid 
686 
0. 63 MPa 
60 
tracking test 
60 
Steel 
1716 
343 N/cm 
61 
Note: a Japan Road Association 2007 . 
The measured ultimate deformation is shown in 
Figs. 10 and 11. The ultimate deformation was 
2. 9 mm in the semi-flexible pavement and 5. 8 mm in 
the high stability asphalt concrete containing 20% ad-
ditive, showing higher rutting resistance in the semi-
flexible pavement. The ultimate deformation was smal-
ler when the amount of additive increased. 25% or 
more additive was found to result in smaller ultimate 
deformation than that in the semi-flexible pavement. 
Fig. 9 Modified wheel tracking test 
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Fig. 10 Results of modified wheel tracking test 
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Fig. 11 Specimens after modified wheel tracking test 
And so, test construction of the dense gap-graded 
mixture containing 25% additive was conducted at the 
asphalt plant. Fig. 12 is a view of the construction. 
The test showed that the increase in amount of ad-
ditive did not affect the workability, and the perform-
ance of the mixture was similar to the results obtained 
in laboratory. Therefore, 25% was decided as the 
standard amount of additive. 
Fig. 12 Construction of high stability asphalt 
concrete containing 25% additive 
6 Conclusions 
Special additive that improves the oil resistance of as-
phalt mixture was selected. The additive is a special 
resin that does not dissolve in petroleum oils. It is 
likely to selectively adhere to aggregates and restrain 
their movement. 
The additive manifests synergistic effects with the 
main binder ( polymer modified asphalt) forming a 
hybrid. Therefore, the high stability asphalt concrete 
has high oil, rutting and water resistance. 
Appropriate aggregate gradation for the developed 
high stability asphalt concrete is SMA, dense gap-gra-
ded, coarse-graded and lower gradation in the dense-
graded range. 
The modified wheel tracking test showed that the 
high stability asphalt concrete containing 25% additive 
was as rutting resistant as semi-flexible pavement. 
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